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Final Report 

OBSERVATIONS OF COMETS WITH THE IUE 
NASA Grant NAG5-2141 

Covering the Period from December 1, 1992 - January 31, 1995 


This is the final report for NASA grant NAG5-2141, Observation of Comets with the IUE, which 
began in December 1992 and was completed in January 1995. This grant continued our IUE 
program begun in July 1979 under grant NSG-5393 which terminated in September 1992. 

We attach in Appendix A a complete list of publications related to IUE observations of comets from 
1980 to the present. Publication numbers 51-53 appeared during the December 1992 - January 
1995 period and copies of these are being forwarded to the NSSDC along with this report. Papers 
presented at recent scientific meetings are listed in Appendix B. 

During this period we have concentrated our effort into two distinct areas, new observations of 
comets of interest and continuing analysis of the data from previous observations. Five comets 
were observed as given in Table 1. 


Table 1. Observed Comets 

Comet Dates 

P/Schaumasse (1992x) March 1993 

P/Encke December 1993 - January 1994 

McNaught-Russell (1993v) March 1994 

P/Tempel 1 (1993c) July 1994 

Machholz 2 (1994o) October 1994 

These observations were rather difficult to carry out because of the severe beta angle constraints 
imposed by the IUE spacecraft and the problem of the FES streak. Nevertheless, good data were 
acquired for all of these targets. Comet P/Schaumasse, although rather faint, was simultaneously 
observed by the Faint Object Spectrograph of the Hubble Space Telescope. Most notable was 
periodic comet Encke (with the shortest known period, 3.3 years) which was observed for its fifth 
consecutive apparition by IUE. A study of the secular' variation of this comet s activity with time 
was carried out in collaboration with M.E. Haken and M.F. A'Hearo of the University of . 
Maryland and the initial results were presented at the November 1994 meeting of the Division for 
Planetary Sciences of the AAS. Periodic comet Tempel 1 had also been observed previously by 
IUE, in July 1983. 

The two "new" comets observed, regrettably, were not as active as anticipated. Comet Machholz 2 
(1994o) showed little enhancement in activity even though its nucleus had broken into several 
distinct nuclei. 

In the area of analysis, we have continued our study of the carbon emissions in several moderately 
active comets in collaboration with G.P. Tozzi (Osservatorio Astrofisico di Arcetri, Italy) and 
M.C. Festou (Observatoire Midi-Pyrenees, France). We have shown that the Cl XI 93 1 emission, 
which is due to resonant scattering from the *D metastable state of atomic carbon, is a measure of 
the production rate of CO from the nucleus of the comet, and we have derived the 
photodissociation rate into this state. This rate is considerably higher than values currently in the 
literature, based on earlier incomplete laboratory spectroscopic data. A paper on this result is in 
preparation. 



During the course of this study we began to use the NEWSIPS reprocessed data being prepared for 
the IUE Final Archive. A serendipitous discovery, while examining the data, was the detection of 
the (1,0) band of the CO Cameron system at 1993 A, at the extreme edge of the SWP camera, in 
the spectra of several comets. This band system, recently detected in HST spectra of comet 
P/Hartley 2 (Weaver, et al. 1994) is produced by photodissociation of C0 2 and hence provides a 
means of determining the C0 2 /C0 ratio in these comets. This should be a critical element in 
determining the basic chemical composition of the volatile component of the cometary nucleus. 

This work was also carried out in collaboration with Tozzi and Festou. 


Reference 


Weaver, H.A., Feldman, P.D., McPhate, J.B., A’Heam, M.F., Arpigny, C., and Smith T E., 
Detection of CO Cameron Band Emission in Comet P/Hartley 2 (1991 XV) with the Hubble Space 
Telescope, Astrophys. J. 422 , 374-380 (1994). 



APPENDIX A 


IXJE Comet Publications 1980-1994 

1. P. D. Feldman, H. A. Weaver, M. C. Festou, M. F. A’Hearn, W. M. Jackson, B. Donn, J. 
Rabe, A. M. Smith and P. Benvenuti, IUE observations of the ultraviolet spectrum of Comet 
Bradfield, Nature 280, 132 (1980). 

2. M. F. A’Heam and P. D. Feldman, Carbon in Comet Bradfield 1979£, Astrophys. J. (Letters) 
242, L187 (1980). 

3. P. D. Feldman, New insight into the physical state of solar system objects, in The Universe 
at Ultraviolet Wavelengths: The First Two Years of IUE, NASA CP-2171, 1981, p. 21. 

4. W. M. Jackson, J. Halpern, P. D. Feldman and J. Rahe, Analysis of IUE observations of CS 
in comet Bradfield (1979£), in The Universe at Ultraviolet Wavelengths: The First Two Years 
of IUE, NASA CP- 2171, 1981, p. 55. 

5. H. A. Weaver, P. D. Feldman and M. C. Festou, Water production models for comet Bradfield 
(1979£), in The Universe at Ultraviolet Wavelengths: The First Two Years of IUE, NASA 
CP-2171, 1981, p. 65. 

6. P. D. Feldman, Ultraviolet spectroscopy of comets using sounding rockets, IUE and Spacelab, 
in Modem Observational Techniques for Comets, JPL Publication 81-68, 1981, p. 139. 

7. H. A. Weaver, P. D. Feldman, M. C. Festou and M. F. A’Heam, Water production models 
for comet Bradfield (1979 X), Astrophys. J. 251, 809 (1981). 

8. H. A. Weaver, P. D. Feldman, M. C. Festou, M. F. A’Heam and H. U. Keller, IUE observations 
of faint comets, Icarus 47, 449 (1981). 

9. M. C. Festou and P. D. Feldman, The forbidden oxygen lines in comets, Astron. Astrophys. 
103, 154 (1981). 

10. M. C. Festou, P. D. Feldman and H. A. Weaver, The ultraviolet bands of the CO J ion in 
comets, Astrophys. J. 256, 331 (1982). 

11. W. M. Jackson, J. Halpern, P. D. Feldman and J. Rahe, Production of CS and S in Comet 
Bradfield (1979 X), Astron. Astrophys. 107, 385 (1982). 

12. P. D. Feldman, Ultraviolet spectroscopy of comae, in Comets, ed. L. L. Wilkemnjj Univ. of 
Arizona Press, 1982, p. 461. 

13. P. D. Feldman, H. A. Weaver, M. C. Festou and H. U. Keller, The ultraviolet spectrum of 
periodic comet Encke, in Advances in Ultraviolet Astronomy: Four Years of IUE Research, 
NASA CP-2238, 1982, p. 307. 

14. M. C. Festou, P. D. Feldman, H. A. Weaver and H. U. Keller, The spectrum of comets 
as derived from IUE observations, in Proceedings of Third European IUE Conference, ESA 
SP-176, 1982, p. 445. 

15. P. D. Feldman, Ultraviolet spectroscopy and the composition of cometary ice, Science 219, 
347 (1983). [reprinted in Astronomy and Astrophysics, ed. M. S. Roberts, A. A. A. S., 
Washington, D. C., 1985, pp. 59-74.] 
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16- M. F. A’Hearn, E. Dwek, P. D. Feldman, R. L. Millis, D. G. Schleicher, D. T. Thompson 
and A. T. Tokunaga, The grains and gas in comet Bowell 1980b, in Cometary Exploration , 
ed. T. I. Gombosi, Central Research Institute for Physics, Hungarian Academy of Sciences, 
Budapest, 1983, vol. 2, pp. 159-166. 

17. M. F. A’Hearn, P. D. Feldman and D. G. Schleicher, The discovery of S 2 in comet IRAS- 
Araki-Alcock 1983d, Astrophys. J. (Letters) 274, L99 (1983). 

18. P. D. Feldman, M. F. A’Heam, D. G. Schleicher, M. C. Festou, M. K. Wallis, W. M. Burton, 
D. W. Hughes, H. U. Keller and P. Benvenuti, Evolution of the ultraviolet coma of Comet 
Austin (1982g), Astron. Astrophys. 131, 394 (1984). 

19. M. F. A’Hearn, D. G. Schleicher, P. D. Feldman, R. L. Millis and D. T. Thompson, Comet 
Bowell 1980b, Astron. J. 89, 579 (1984). 

20. P. D. Feldman, M. F. A’Hearn and R. L. Millis, Temporal and spatial behavior of the ultra- 
violet emissions of comet ERAS-Axaki-Alcock (1983d), Astrophys. J. 282, 799 (1984). 

21. P. D. Feldman, H. A. Weaver and M. C. Festou, The ultraviolet spectrum of periodic comet 
Encke (1980 XI), Icarus 80, 455 (1984). 

22. P. D. Feldman, Ultraviolet spectroscopy of cometary comae: An update, in Dust in Space 
and Comets , ed. G. E. Morfill, C. T. Russell and M. S. Hanner, Adv. Space Res., vol. 4, no. 
9, Pergamon, Oxford, 1984, pp. 177-184. 

23. P. D. Feldman and M. F. A’Heam, Ultraviolet albedo of cometary grains, in Ices in the Solar 
System , ed. J. Klinger, D. Benest, A. Dollfus and R. Smoluchowski, D. Reidel, Dordrecht, 

1985, pp. 453-461. 

24. M. F. A’Heam and P. D. Feldman, S 2 : A clue to the origin of cometary ice?, in Ices in 
the Solar System , ed. J. Klinger, D. Benest, A. Dollfus and R. Smoluchowski, D. Reidel, 
Dordrecht, 1985, pp. 463-471. 

25. M. F. A’Heam, P. V. Birch, P. D. Feldman and R. L. Millis, Comet Encke: Gas production 
and light curve, Icarus 64, 1-10 (1985). 

26. P. D. Feldman, Carbon monoxide in cometary ice, in Asteroids, Comets and Meteors II, ed. 
C.-I. Lagerkvist, B. A. Lindblad, H. Lundstedt and H. Rickman, Uppsala Univ., Uppsala, 

1986, pp. 263-267. 

27. P. D. Feldman, In-fight analysis of IUE cross-disperser scattered light, Astron. Astrophys. 
159, 342-345 (1986). 

28. M. C. Festou, P. D. Feldman, M. F. A’Heam, C. Arpigny, C. B. Cosmovid, A. C. Danks, L. 
A. McFadden, R. Gilmozzi, P. Patriarchi, G. P. Tozzi, M. K. Wallis, and H. A. Weaver, IUE 
observations of comet Halley during the Vega and Giotto encounters, Nature 321, 361—363 
(1986). 

29. P. D. Feldman, M. F. A’Heam, M. C. Festou, L. A. McFadden, H. A. Weaver, and T. N. 
Woods, Is CO 2 responsible for the outbursts of comet Halley?, Nature 324, 433—436 (1986). 
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30. P. D. Feldman, M. C. Festou, M. F. A’Hearn, C. Arpigny, P. S. Butterworth, C. B. Cosmovici, 
A. C. Danks, R. Gilmozzi, W. M. Jackson, L. A. McFadden, P. Patriarchi, D. G. Schleicher, 
G. P. Tozzi, M. K. Wallis, H. A. Weaver and T. N. Woods, IUE observations of comet Halley: 
Evolution of the uv spectrum between September 1985 and June 1986, in New Insights in 
Astrophysics, 8 Years of UV Astronomy with IUE , ESA SP-263, 39-42 (1986). [also in 
Exploration of Halley's Comet , ESA SP-250, vol. 1, 325-328 (1986).] 

31. L. A. McFadden, M. F. A’Heam, P. D. Feldman, H. Bohnhardt, J. Rake, M. C. Festou, 
J. C. Brandt, S. P. Maran, M. B. Niedner, A. M. Smith, and D. G. Schleicher, Ultraviolet 
spectrophotometry of comet P/Giacobini-Zinner during the ICE encounter, Icarus 69 , 329- 
337 (1987). [also in New Insights in Astrophysics, 8 Years of UV Astronomy with IUE, ESA 
SP-263, 35-38 (1986).] 

32. P. D. Feldman, Observations of molecules in comets, in Astrochemistry , ed. M. S. Vardya 
and S. P. Tarafdar, Reidel, Dordrecht, 1987, pp. 417-424. 

33. M. C. Festou and P. D. Feldman, Comets, in Exploring the Universe with the IUE Satellite, 
ed. Y. Kondo, Reidel, Dordrecht, 1987, pp. 101-118. 

34. P. D. Feldman, Observations of Halley’s comet from Earth orbit, in Papers read at a Joint 
Meeting of the Royal Society and the American Philosophical Society , April 1986, Spec. Pub. 
APS #44, Philadelphia, 1987, vol. 2, pp. 21-43. 

35. P. D. Feldman, M. C. Festou, M. F. A’Hearn, C. Arpigny, P. S. Butterworth, C. B. Cosmovici, 
A. C. Danks, R. Gilmozzi, W. M. Jackson, L. A. McFadden, P. Patriarchi, D. G. Schleicher, G. 
P. Tozzi, M. K. Wallis, H. A. Weaver and T. N. Woods, IUE observations of comet P/Halley: 
Evolution of the uv spectrum between September 1985 and July 1986, Astron. Astrophys. 
187 , 325-328 (1987). 

36. L. A. McFadden, M. F. A’Hearn, P. D. Feldman, E. E. Roettger, D. S. Edsall and P. S. 
Butterworth, Activity of comet P/Halley, 23-25 March 1986: IUE observations, Astron. 
Astrophys. 187 , 333-338 (1987). 

37. E. E. Roettger, P. D. Feldman, M. F. A’Hearn, M. C. Festou, L. A. McFadden, and R. 
Gilmozzi, IUE observations of the evolution of comet Wilson (1986^): Comparison with 
P/Halley, Icarus 80 , 303-314 (1989). 

38. E. E. Roettger, P. D. Feldman, M. F. A’Hearn, and M. C. Festou, Comparison of water 
production rates from UV spectroscopy and visual magnitudes for some recent comets, Icarus 
86, 100-114 (1990). 

39. 164. P. D. Feldman, Rocket and satellite observations of the ultraviolet emissions of comet 
Halley, in Comet Halley 1986; World-Wide Investigations, Results and Interpretations , ed. J. 
W. Mason, Ellis Horwood Ltd., Chichester, 1990, vol. 1, pp. 259-271. 

40. E. E. Roettger, P. D. Feldman, S. A. Budzien, M. F. A’Heam and M. C. Festou, IUE observa- 
tions of comets P/Brorsen-Metcalf and Okazaki- Levy- Rudenko, in Workshop on Observations 
of Recent Comets (1990), ed. W. F. Huebner et al., SWRI, San Antonio, 1990, pp. 59-63. 

41. S. A. Budzien, P. D. Feldman, E. E. Roettger, M. F. A’Heam and M. C. Festou, IUE ob- 
servations of comet Austin (1989ci), in Workshop on Observations of Recent Comets (1990), 
ed. W. F. Huebner et al., SWRI, San Antonio, 1990, pp. 64-68. 
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42. P. D. Feldman, The volatile composition of comets deduced from ultraviolet spectroscopy, in 
Chemistry in Space, ed. J. M. Greenberg and V. Pirronello, Kluwer, Dordrecht, 1991, pp. 
339-361. 

43. S. A. Budzien and P. D. Feldman, OH prompt emission from comet IRAS-Araki-Alcock (1983 
VH), Icarus 90, 308-318 (1991). 

44. P. D. Feldman, Ultraviolet spectroscopy of cometary comae, in Comets in the Post-Halley 
Era , ed. R. L. Newbum et a/.}, Kluwer, Dordrecht, 1991, vol. 1, pp. 139-148. 

45. P. D. Feldman, S. A. Budzien, M. F. A’Hearn, M. C. Festou, and G. P. Tozzi, Ultraviolet and 
visible variability of the coma of comet Levy (1990c), Icarus 95, 65-72 (1992). 

46. M. R. Combi and P. D. Feldman, IUE observations of HI Lyman-a in comet P/Giacobini- 
Zinner, Icarus 97, 260-268 (1992). 

47. M. F. A’Heam and P. D. Feldman, Water vaporization on Ceres, Icarus 98, 54-60 (1992). 

48. S. A. Bu dzi en and P. D. Feldman, Upper limits to the S 2 abundance in several comets observed 
with the International Ultraviolet Explorer, Icarus 99, 143-152 (1992). 

49. P. D. Feldman and M. C. Festou, IUE observations of periodic comets Tempel-2, Kopff and 
Tempel-1, in Asteroids, Comets, Meteors 1991 , ed. A. W. Harris and E. Bowell, Lunar and 
Planetary Institute, Houston, 1992, pp. 171-174. 

50. M. C. Festou, P. D. Feldman and M. F. A’Heam, The gas production rate of periodic comet 
d’Arrest, in Asteroids, Comets, Meteors 1991 , ed. A. W. Harris and E. Bowell, Lunar and 
Planetary Institute, Houston, 1992, pp. 177-182. 

51. P. D. Feldman, K. B. Fournier, V. P. Grinin, and A. M. Zvereva, The abundance of ammonia 
in comet P/Halley derived from ultraviolet spectrophotometry of NH by ASTRON and IUE, 
Astrophys. J. 404, 348-355 (1993). 

52. M. R. Combi and P. D. Feldman, Water production rates in comet P/Halley from IUE 
observations of HI Lyman-a, Icarus 105, 557-567 (1993). 

53. S. A. Budzien, M. C. Festou, and P. D. Feldman, Solar flux variability and the lifetimes of 
cometary H 2 O and OH, Icarus 107, 164-188 (1994). 
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Papers Presented 


S.A. Budzien and P.D. Feldman, Solar Flux Variability Effects on the OH Coma from IUE 
Observation of Comets, presented at the Fall 1992 DPS Meeting, 12—16 October 1992, Munich, 
Germany, Bull. AAS 24, 1006 (1992). 

G.P. Tozzi, P.D. Feldman, and M.C. Festou, The Production of C('D) Atoms in Cometary 
Comae, presented at the Fall 1992 DPS Meeting, 12-16 October 1992, Munich, Germany, Bull. 
AAS 24, 1019 (1992). 

P.D. Feldman, The Abundance of Ammonia in Some Recent Comets, presented at IAU 
Symposium 160: Asteroids, Comets, Meteors 1993, 14 — 18 June 1993, Belgirate, Italy. 

P.D. Feldman, J.B. McPhate, M.F. A'Heam, L.A. McFadden, and M.E. Haken, The Evolution 
of the Coma of Comet P/Swift-Tuttle During November 1992, presented at IAU Symposium 160: 
Asteroids, Comets, Meteors 1993, 14 - 18 June 1993, Belgirate, Italy. 

M. Haken, M.F. A'Heam P.D. Feldman, Secular Variation in Comet P/Encke, presented at the 
Fall 1994 DPS Meeting, 31 October - 4 November 1994, Washington, DC, Bull. AAS 26, 1 120 
(1994). 



